Abstract Prevalence of depression is high among individuals with type 2 diabetes (T2D). The objective of the current study was to identify the socio-demographic, psychosocial, cultural, and clinical risk factors that predispose to depression, and resources that protect from depression among low income Latinos with T2D. Participants (N = 211) were interviewed in their homes upon enrollment. Multivariate logistic regression was used to identify factors associated with depressive symptoms based on a score of C21 on the Center for Epidemiological Studies Depression scale. Lower household income, interference of diabetes with daily activities, and more T2D clinical symptoms were associated with depression risk in the multivariate analyses. At each level of food insecurity the risk of depression was lower the higher the level of social support (P \ 0.05). Findings suggest that social support buffers against the negative influence of household food insecurity on depression risk. A comprehensive approach is necessary to address the mental health needs of low income Latinos with T2D.
Introduction
Gallo and Matthews propose that the association between lower socio-economic position and negative mood may be partially explained by frequent, intense, and chronic stress exposure attributable to the social environments where low-income individuals live [1] . They further posit that low socio-economic status (SES) may also be related to having fewer opportunities to develop and replenish health promoting resources [1] . In this context, resources may be tangible, such as access to food, interpersonal, such as social support or cultural integration, or intrapersonal, such as quality of life. National data suggests that low income families are especially vulnerable to food insecurity [2] . Food insecurity could be viewed as a chronic stressor because of the psychological, physical and socio-familial implications associated with it [3] . Low-income households are especially vulnerable to food insecurity. US Census Bureau data suggests that in 2008, 15% (17 million) of US households did not have access to nutritionally adequate and safe food for at least some time during the year. Among these, 39% of households (6.7 million) suffered from severe household food insecurity [2] .
Pearlin's stress process model suggests that even though new and existing stressful events may lead to mental stress, effect modifiers such as social support from family or friends could decrease the individual's vulnerability to them [4] . Thus, on this basis we should expect that social support would protect low-income Latinos with diabetes from depression even in the presence of other stressors such as household food insecurity.
While it has been demonstrated that diabetes, and low SES are each individual risk factors for depression, it is largely unknown what factors predispose to, and protect from depression in the presence of these risk factors [5, 6] . Therefore, the purpose of this study was to identify risk factors associated with elevated depressive symptoms, and to determine if social support protects against depressive symptoms in the presence of risk factors (e.g., household food insecurity) in a sample of low income Latinos with T2D.
Methods

Study Participants
The baseline data of DIALBEST, a randomized controlled longitudinal trial involving peer-counselors (community health workers) in the diabetes care of low income Latino adults with T2D, was used for these analyses [7] . Participants were recruited from a 'Metabolic Syndrome clinic' at Hartford Hospital's Brownstone Clinic. A baseline screening was conducted with the help of an electronic medical database designed to identify eligible candidates who were contacted in person by recruiters on their clinical appointment day at the clinic. A total of 211 participants were enrolled from December 2006 to February 2009. Participants were included if they: (1) were [21 years of age, (2) were living in Hartford County, CT, (3) had HbA1c levels C7%, and (4) had no medical conditions that completely limited their ability to perform physical activity. The objective of the DIALBEST study was to develop, implement and evaluate a best-practice model to support the management of type 2 diabetes among inner-city Latinos through peer-counselors. Participants were randomly assigned into either control (n = 106) or treatment group (n = 105). The treatment group received home visits from peer-counselors for 12 months in addition to the usual care available from the clinic. Data were collected at baseline, 3, 6, 12 and 18 months post-enrollment. The analyses presented in this article are derived from the baseline data.
Assessment
After obtaining participants' written informed consent, one of three bicultural/bilingual interviewers conducted a face to-face interview. The survey modules in the questionnaires were either previously validated and used by other researchers [8] [9] [10] or by our own group among Latinos with type 2 diabetes [11] . Before starting data collection with DIALBEST participants, the survey was pre-tested among five bi-cultural/bi-lingual (Spanish and English) staff at the Hispanic Health Council, Hartford. Additionally, the English and Spanish versions were tested with five English and five Spanish speaking DIALBEST participants. As shown by the post-hoc Cronbach's alpha results from the baseline sample (see below) the internal consistency of the scales was adequate supporting the validity of the survey instrument used in this study. The interviews were conducted in English or Spanish according to participant's preference. This study was approved by the Institutional Review Boards of all collaborating institutions.
Dependent Variable: Elevated Depressive Symptoms
Depressive symptoms were measured using the Center for Epidemiologic Studies (CES-D) Scale [12] , a reliable and valid tool among Latinos including Puerto Ricans [13] . The scale consists of 20 items that ask how often each of a series of depressive symptoms was experienced over the past week. Response options range from 0 = ''none of the time'' to 3 = ''most or all the time'', with total scores ranging from 0 to 60 (Cronbach alpha = 0.88). As recommended for populations with T2D [14, 15] the CES-D cut-off score C21 was used to designate elevated depressive symptoms.
Independent Variables
Demographic and Socio-Economic Variables
Demographic variables included age, gender, ethnicity, marital status, smoking status, and household size. Socioeconomic variables included monthly income, education, employment status, and food security. Food security was assessed with a previously validated [8] short form of the US household food security supplement module [US-HFSSM] module [16] . The score ranged from 0 to 5, with five indicating extreme food insecurity (Cronbach alpha = 0.89).
friends [17] . The three-point scale response options ranged from ''never available'' to ''always available'', with the total social support score ranging from 0 to 22 (Cronbach alpha = 0.87).
Perceived interference of diabetes on the respondent's ability to engage in particular activities was assessed using the modified Interference subscale of Multi Dimensional Diabetes Questionnaire [18] . Out of the nine original questions, five original questions (Questions 1, 4, 7, 8 and 15), and an additional question on the perceived interference on making/having enough money were used in the current study. The responses were recorded on a four-point scale ranging from ''not at all'' to ''a lot'' (Cronbach alpha = 0.77).
Cultural Variables
Acculturation was assessed with a modified 21-item version of the Acculturation Rating Scale for Mexican Americans-II (ARSMA), scale 1 [19] . Although this scale was originally developed for Mexican Americans, Cuellar et al. [19] suggested that it may be used among other Latino groups. This scale has indeed been successfully used with Puerto-Ricans [9] and is one of the most comprehensive and commonly used Latino acculturation scales [20] . Using ARSMA's recommended method, we generated cut-off scores to classify individuals into five acculturation categories ranging from strongly Mexican oriented to strongly Anglo oriented. Amount of time respondent had lived in the US was also measured.
Clinical Variables
Clinical factors included health insurance status, fasting plasma glucose (FPG), glycosylated hemoglobin (HbA1c) levels, body mass index (calculated from weight and height measurements), diabetes related clinical symptoms, selfreported health status, insulin use and number of medications consumed.
Fasting blood (2 mL) was collected and fasting plasma glucose (FPG) was measured using a YSI-2300 stat plus glucose & lactate analyzer (YSI life sciences, Yellow Springs, OH) in duplicate. HbA1c was measured from capillary blood using an FDA approved and National Glycohemoglobin Standardization Program certified instrument that accurately measures HbA1c in home settings-'A1cNow INView' device (Metrika Inc., Sunnyvale, CA).
Self rated health was assessed by asking the standard question 'how would you rate your overall health?' [21] . Response options were (1) excellent, (2) very good, (3) good, (4) fair, and (5) poor. In the current study, the first four categories were grouped together and classified as 'fair to excellent health', and the fifth category remained labeled as 'poor health' in order to adjust the multivariate analyses for this potential confounder, as poor health has been previously associated with both depression and food insecurity.
Diabetes-related symptoms were measured on the basis of, presence or absence of six clinical symptoms: extreme thirst, extreme hunger, frequent urination, blurred vision, pain in legs, and tingling or numbness in extremities.
Details of all prescription and non-prescription medications used by participants were collected from which numbers of medications by type consumed per day were computed. Participants were further classified based on whether or not they used insulin.
Statistical Analyses
Variables that were found to be significantly (P B 0.05) associated with elevated depressive symptoms were entered into multivariate logistic regression model. In addition, variables with proven theoretical association with depression symptoms such as gender, HbA1c levels, body mass index, and insulin use were entered into the model as covariates. In order to test our a priori hypothesis that higher social-support buffers the effects of food insecurity on elevated depression symptoms, a social support 9 food insecurity interaction was also included in the model. To interpret the interaction results, the logistic regression parameters were used to predict the probability of depression for each level of food insecurity (range: 0-5) as a function of social support status [low (score = 0), middle (score = 12), high (score = 22)]. Similar effects were found with linear multivariate analyses using depression score as a continuous variable with regard to diabetes interference score, diabetes related clinical symptoms and social support 9 food insecurity interaction. Thus, only logistic regression results are presented.
Results
Participants Characteristics
The majority of respondents were middle aged (mean = 56.4 years), women (74%) of Puerto-Rican origin (94%). About 43% of participants were separated, divorced or widowed. About two-thirds lived in households with a monthly income B$1,000. Over two-thirds of the participants did not finish high school (69%) and only 16% were employed. About two-thirds (65%) of the participants spoke Spanish only. Almost all (97%) reported basic government sponsored health insurance (Table 1) . Most respondents were obese. Per study selection criteria, participants had poor glycemic control; mean FPG and HbA1c were 10.6 mmol/L (*191 mg/dL) and 9.6%, respectively. About half of the study participants used insulin (50%). The mean CES-D sample score was 21.7. About half (50%) endorsed clinically elevated depressive symptoms and only one-third of those reported taking antidepressant medications. Mean numbers of diabetes related clinical symptoms, and number of medications consumed daily were 3.6 and 7, respectively.
Bivariate Analyses
Participants with clinically elevated depressive symptoms were more likely to: identify themselves as Puerto-Ricans, live in households with fewer members, have lower income, be unemployed, have higher household foodinsecurity, lower social support and higher diabetes interference scores, have higher number of diabetes related clinical symptoms, report poor health and have higher medication use (Table 1) .
Multivariate Analyses
In the multivariate model, the following risk factors were significantly associated with elevated depressive symptoms: lower household income, higher perceived diabetes interference score, and higher diabetes related clinical symptoms (Table 2) . At each level of food insecurity the risk of depression was lower the higher the level of social support (P \ 0.05). Thus, findings suggest that social support buffers against the negative influence of household food insecurity on depression risk (Fig. 1) .
Discussion
Studies conducted among non-diabetic populations have consistently shown food insecurity to be associated with depression risk [3, [22] [23] [24] . To our knowledge, our study is one of the first to examine this association among individuals with T2D. Limited availability, access and/or intake of nutritionally adequate foods [2] may have direct biological effects on the central nervous system [25] [26] [27] [28] in addition to psychological effects associated with the feelings of deprivation, restricted food choices, and constant anxiety or worry about availability of food supplies PR Puerto-Rican [29, 30] . Individuals from food insecure households also suffer from feelings of shame, powerlessness and guilt [29] . Household food insecurity is prevalent among vulnerable groups in the US and is emerging as an important psycho-social stressor that can lead to poor mental and physical health outcomes [3] . Household food insecurity in the US has been previously associated with type 2 diabetes [31] , hypertension [32] , and hyperlipidemia [32] , obesity [33] , and nutritional deficiencies [34] . It also has several social implications [3] , as well. Our study documents that food insecurity is a risk factor for depression among Latinos with T2D. An encouraging and innovative finding from our study is that higher social support protects low-income individuals with uncontrolled diabetes living in very food insecure households from developing elevated depression symptoms. Social networking could facilitate positive reinforcements such as a sense of belonging, and buffer the negative impacts of food insufficiency on poor mental health [35] . Indeed, relying on family or friends for protective resources such as food, money, or emotional support may help mitigate the negative consequences of major stressors [4, 30, 36, 37] such as household food insecurity. Pearlin's process model of mental stress indeed supports our key finding that social support buffers the negative influence of food insecurity on depression risk [4] .
Our study confirmed that lower household income (\$1,500/month) increases the risks for having elevated depressive symptoms in individuals with type 2 diabetes even after adjusting for other risk factors. Lower income in socio-demographically disadvantaged groups further strains the ability of individuals to cope with stress [1] . Limited resources to attend to other household (e.g. heating, electricity, and rent) [38] , individual (e.g. transportation, clothing, and exercise facilities), and diabetes specific (e.g. diabetes self-management tools) needs could impose significant mental stress leading to depression [4] .
Our study suggests that depression risk is associated with the perception of how much diabetes interferes with work, income generation, relationship with partner, daily routine activities, and/or social activities. This suggests that unmet psycho-emotional needs such as one's personal relationships or social roles can affect depression risk independently from socio-demographic factors. Additionally, consistent with previous studies [39] higher numbers of clinical symptoms that are commonly associated with diabetes increased the risk for having elevated depression symptoms. Limitations Some limitations should be noted. Data were collected cross-sectionally, so the temporal sequence of depressive symptoms and their associated factors cannot be determined. Several underlying variables such as certain personality traits or genetic predispositions, which influence depression, diabetes, and the context in which individuals live, were not measured and thus could not be controlled for in the multivariate model. Participants were predominantly female Puerto Ricans, thus limiting generalization to other populations.
Implications and Conclusions
Our findings suggest that programs that are successful at increasing social capital in socio-economically deprived communities are also likely to protect the mental health of vulnerable individuals even in the presence of high levels of common and persistent stressors such as food insecurity among individuals with type 2 diabetes.
